Dramatic rises in hepatitis C virus (HCV) coinfection rates in human immunodeficiency virus (HIV)-infected individuals have been observed recently, largely attributable to increasing recreational drug use combined with increased testing for HCV. In the era of direct-acting antiviral (DAA) therapy, treatment of acute HCV infection in HIV-infected individuals with short durations of these drugs may potentially reduce the disease and economic burden associated with HCV infection as well as reducing the likelihood of onward HCV transmission. We performed an extensive literature search of PubMed, Embase and Google Scholar up to 05 September 2017 for clinical trials of acute HCV infection in HIV-infected individuals. In the studies identified, rates of sustained virologic response at 12 weeks post-treatment (SVR12) ranged from 21% with 6 weeks of therapy up to 92% with 12 weeks of therapy with sofosbuvir/ribavirin. Ledispavir/sofosbuvir for 6 weeks achieved an SVR of 77%. No HIV-related events occurred regardless of whether patients were receiving antiretroviral therapy (ART) and DAAs were well tolerated. Data is currently limited with regards to optimal regimens and durations of therapy, which need to be tailored based on potential interactions with concurrent ART and consideration for the fact that patients with higher baseline HCV RNA levels may require extended duration of treatment.
Globally, hepatitis C virus (HCV) coinfection affects 5 to 10 million people living with HIV (PLWH) 1 and in certain populations, rates of HCV/HIV coinfection been found to exceed 90% amongst those who inject drugs. 234 Recent epidemics of acute HCV infection have been witnessed amongst HIV positive men-who-have-sex-with-men (MSM). 5 A recent study also reported an increased prevalence of HCV infection in HIV-negative MSMs who were about to embark on HIV pre-exposure prophylaxis. 6 These surges in rates of HCV infection, which have been observed in several parts of the world, are becoming increasingly associated with sexualised recreational drug use known as 'chemsex'. 7 The rising numbers of tattooing (in prisons for example) and non-surgical cosmetic percutaneous procedures being performed in various settings (many of which are unregulated) could also be contributing to the increased rates of HCV transmission in both HIV positive and HIV negative individuals. 89 The first 6 months after acquisition of HCV has classically been recognised as the acute phase and only 15% to 20% of people PLWH with acute HCV infection will spontaneously clear their HCV infection. 1011 The European AIDS Treatment Network (NEAT) guidelines for acute hepatitis C in HIV-infected individuals suggest a viral kinetic model for HCV infection taking into consideration the fact that less than a 2 log10 IU/mL reduction in HCV RNA at 4 weeks after diagnosis and a positive HCV-RNA 12 weeks into acute hepatitis have both shown an association with progression to chronicity. 12 Individuals who exhibit these viral kinetics may therefore serve as primary targets for early therapeutic strategies. Once chronicity is established, as occurs in the majority of HCV-infected individuals, HIV/HCV coinfected patients demonstrate faster rates liver fibrosis progression 13 , and are at an increased risk of developing cirrhosis and hepatocellular carcinoma compared to individuals not infected with HIV. 14 Development of cirrhosis occurs 12 to 16 years earlier in HCV/HIV coinfected individuals compared to HCV monoinfected individuals and once hepatic decompensation occurs, estimated median survival is only 13 months in coinfected patients. 15 Treatment of PLWH with acute HCV infection is important in preventing the development of chronic infection, preventing accelerated progression of liver disease and to minimise the risk of onward HCV transmission. Additionally, HIV/HCV coinfected individuals demonstrate reduced immunological responses to antiretroviral therapy (ART) compared to HIV monoinfected individuals. 16 Prior to the recent, wider availability of direct-acting antivirals (DAAs), treatment of acute HCV infection in PLWH with interferon (IFN)-based therapy for 24 week's duration achieved significantly higher overall sustained virologic response (SVR) rates (up to 80%) compared to those seen with 48 weeks of interferon-based treatment (up to 40%) for chronic HCV infection in PLWH. 171819 Currently used DAAs, available for the treatment of all 6 genotypes chronic HCV infection, offer improved SVR rates, shorter durations of therapy and lower incidences of adverse effects compared to previous IFN-based therapy. 20 Indications for the treatment of chronic HCV infection with DAAs are currently the same for monoinfected and HCV/HIV coinfected individuals and treatment duration ranges from 8 weeks to 24 weeks. 21 A recent large observational study found similar high rates of SVR with IFN-sparing DAA therapy for chronic HCV infection in HCV/HIV coinfected (n = 482) and HCV monoinfected (n = 1152) individuals (94% vs 97%). 22 Based on findings that a minimum of 8 weeks therapy is needed to achieve optimal SVR rates in the treatment of chronic HCV infection, the most recent European Association for the Study of the Liver (EASL) guidelines recommend sofosbuvir (an HCV NS5B nucleotide polymerase inhibitor) combined with an NS5A inhibitor for a duration of 8 weeks in the treatment of acute HCV infection (with possible extension up to 12 weeks for PLWH and/or a baseline HCV RNA level >6.0 log10 IU/mL). The American Association for the Study of Liver Diseases (AASLD) recommends the same type and duration of DAA therapy for acute HCV infection as used in treating chronic HCV infection. 23 Treatment of acute HCV infection in PLWH reduces patient morbidity and the financial burden associated with longer term follow-up, 19 therefore potentially shorter durations of therapy with these high cost DAAs could provide even greater health and economic benefits, provided maximal SVR rates are still achieved. We review the current literature on the use of DAAs for the treatment of acute HCV infection in PLWH. and 'protease inhibitor'. We searched the references of identified publications and utilised the PubMed 'similar articles' tool to identify any further relevant studies. Additionally, we searched for abstracts from recent conferences and clinicaltrials.gov for unpublished studies.
Types of therapy
The ability of HCV in an acute infection to escape host antiviral immune response mechanisms leads to viral persistence and chronic infection in the majority (80 to 85%) of HCV/HIV coinfected individuals. 24 Impairment of CD4+ T cells directed against HCV 2526 and suppression of the antiviral activity of host type 1 interferons (alpha and beta) 2728 are proposed mechanisms by which the virus escapes immune control. Exogenously administered interferon (IFN), in the form of pegylated-IFN (pegIFN) achieves SVR rates of 60-70% even as monotherapy in the treatment of acute HCV in PLWH 29 thus highlighting the impact of immunomodulators on viral clearance. The addition of ribavirin can increase SVR rates to approximately 80%. 30 Twelve weeks of triple therapy for genotype 1 acute HCV coinfection with pegIFN/ribavirin taken in combination with the HCV protease inhibitor boceprevir showed comparable rates of SVR12 with historical controls that received 24 weeks of pegIFN/ribavirin only (SVR12 86% vs 84%). 31 In the CHAT study, where patients with genotype 1 acute HCV coinfection received pegIFN/ribavirin and the HCV protease inhibitor telaprevir for 12 to 24 weeks, similar SVR12 rates were also seen when compared to those that received pegIFN/ribavirin for 24 to 48 weeks (SVR12 78.9% vs 80%). 32 However, due to the additional toxicities and the finding of telaprevir-induced selection of protease inhibitor resistance mutations associated with treatment non-response seen in their study, the investigators concluded that 'first-generation' protease inhibitors should not be used in treating acute HCV coinfection.
In PLWH, cellular mediated immunity is affected by both numerical and functional depletion of CD4+ cells 33 thus potentially compromising their ability to clear HCV in the acute phase. The CD4/CD8 ratio, which serves as a marker of immune dysfunction improves with ART but infrequently normalises in chronic HIV-1 infection even with long-term suppressive ART (29.4% estimated probability of CD4/CD8 normalisation at 5 years after starting ART). 34 It has, however, been shown to have a A C C E P T E D M A N U S C R I P T significantly higher likelihood of restoration to normal levels when ART is initiated in the early stages of HIV-1 infection. 35 IFNbased re-treatment in HCV/HIV coinfected patients that had previously failed to achieve an SVR with IFN-based therapy for HCV, demonstrated significantly higher re-treatment SVR rates when patients were successfully HIV-1 RNA suppressed with ART 36 . In the current era where ART is now recommended for all PLWH, 37 the significant numerical and functional restoration of CD4+ T cells that typically occurs with ART, 33 will be seen in many more PLWH as increasing numbers of individuals receive ART earlier in the course of their HIV infection. This immune restoration may render the likelihood of PLWH achieving SVR following treatment of acute HCV coinfection with IFN-sparing DAA regimens on par with that of HCV monoinfected patients therefore negating the need for immunomodulatory agents.
IFN-sparing sofosbuvir-based regimens are licensed for and are highly effective in the treatment of all genotypes of HCV monoinfection and coinfection in patients with chronic hepatitis C and are well tolerated over a 12 to 24-week period. 21 There are no absolute contraindications to sofosbuvir itself (caution is advised in renal impairment) apart from in patients taking amiodarone. The four published studies to date using IFN-sparing DAA regimens in acute HCV coinfection have investigated the used of sofosbuvir-containing therapy (table 1). [38] [39] [40] [41] There are three studies in progress for treatment of acute HCV coinfection with grazoprevir/elbasvir with an intended treatment duration of 8 weeks (table 2) .
The purine nucleoside analogue ribavirin has been a major component in the success of HCV treatment in the era of pegIFNbased therapy 4243 but with the high SVR rates achieved for chronic HCV with novel IFN-sparing DAAs its future role is less well defined. Even with IFN-sparing DAA regimens, however, there is still evidence that ribavirin hastens rates of decline in blood HCV ribonucleic acid (RNA) levels and reduces the likelihood of viral relapses. 44 It does still therefore remain an important component of therapy for chronic HCV infection, particularly in decompensated cirrhotic patients and in certain patients who have previously failed treatment with pegIFN-based and/or DAA-containing regimens. 2145 Its role as part of IFN-sparing therapy for acute HCV infection in PLWH is not clear and needs further justification if it is to be an established component of future treatment regimens given that it is not free from side effects such as haemolytic anaemia 46 and adds further to their pill burden (albeit temporarily). A recent study of varying dual-DAA regimens for the treatment of chronic HCV infection in 323 PLWH reported that the use of ribavirin in addition to a dual-DAA regimen did not result in improved SVR rates (SVR12 of 92.7% with ribavirin vs 95.2% without ribavirin). 47 However, if SVR rates are consistently found to be suboptimal with DAA-only regimens for acute HCV infection, then ribavirin may serve as an important adjunct to DAAs in future therapeutic strategies.
Direct-acting antiviral interactions with antiretroviral drugs
There are several DAA-ART interactions for clinicians to be aware of in HCV/HIV coinfected patients and a recent study of varying IFN-sparing DAA regimens for chronic HCV infection in PLWH reported that 37% of patients required modification of
their ART regimen prior to starting DAAs. 48 A study which evaluated potential drug interactions between sofosbuvir (currently recommended by EASL as a component of therapy for acute HCV infection) and commonly prescribed ART in PLWH treated for chronic HCV coinfection found no clinically significant drug interactions between sofosbuvir and any of the studied NRTIs (zidovudine, lamivudine, tenofovir and emtricitabine), NNRTIs (efavirenz), HIV PIs (atazanavir, darunavir and ritonavir) and
INSTIs (raltegravir). 49 Sofosbuvir itself is therefore considered safe when used with all four major classes of ART. 21 The University of Liverpool HIV drug interactions website 50 is an up-to-date resource for checking specific DAA-ART (and other drug) interactions and the EASL hepatitis C treatment guidelines 21 also provides useful information (table 3 summarises the known potential DAA-ART interactions). Clinicians need to also consider and enquire about ongoing use of recreational drugs, some of which have potential interactions with certain DAAs. 51
Timing of direct-acting antiviral therapy initiation
IFN-based therapy for acute HCV infection in monoinfected individuals has been shown to achieve higher SVR rates when initiated immediately compared to when delayed for 12 weeks from the time of diagnosis (SVR 67% vs 54%). 52 In IFN-based studies of acute HCV infection in PLWH, treatment has typically been commenced 12 to 24 weeks after diagnosis. 5354 Data from the ATAHC trial found that SVR rates with IFN-based therapy in PLWH were similar in those treated in the acute phase of HCV infection compared to those treated in the late acute/early chronic phase of infection (SVR 77% vs 86%). 3018 In the SWIFT-C study, in which PLWH with acute HCV infection received 12 weeks of treatment with sofosbuvir and ribavirin, univariate analysis found no significant difference in time between diagnosis of acute HCV infection and point of study entry for treatment in those that had HCV RNA <15 IU/mL at least 12 weeks after completion of therapy (SVR12) compared to those that did not achieve SVR12 (median 115.5 days vs 98 days, p = 0.459). 38 Similarly, no association was found between the estimated duration of acute HCV infection and SVR12 in the DARE-C II study with 6 weeks of sofosbuvir and ribavirin in PLWH. 39 Of note is that in the DARE-C II study, the median estimated duration of infection at baseline was 37 weeks and therefore included patients that would be in the (albeit early) chronic phase of their infection on the basis of the classical definition of acute versus chronic HCV infection. 39 Additionally, in the study by El Sayed and colleagues, the time from diagnosis to treatment initiation varied from 1 to 9 months. 40 Recent studies of DAAs in chronic HCV monoinfected 55 and HCV/HIV coinfected 56 patients (on ART) found that despite successful elimination of HCV, DAA therapy failed to restore normal immune regulatory parameters (CD4+ regulatory T cells and myeloid-derived suppressor cells; which can impair host antiviral immune responses), even up to one year after HCV clearance. This immune impairment could have significant implications in terms of re-exposure to HCV possibly resulting in a
reduced likelihood of spontaneous viral clearance in cases of HCV re-infection as well as a potentially higher risk of acquisition/reactivation of other viral infections. This is of particular significance in PLWH who will already have a degree of immune dysfunction. These findings also raise the question as to whether earlier initiation of DAA therapy would therefore minimise the degree of HCV-mediated immune dysregulation. It has already been demonstrated with IFN-based therapy that host adaptive immunity may be preserved when treatment is initiated early after diagnosis of acute HCV monoinfection whereas (potentially irreversible) impairment of antiviral immune responses can occur in those treated during chronic HCV monoinfection. 57 Data is limited on when to start DAA therapy in acute HCV infection, which is at least in part related to difficulties in determining the precise timing of HCV acquisition in patients. However, there is no current evidence to suggest that treatment of PLWH with DAAs in the earlier stages of acute HCV infection improves rates of SVR compared to treatment later on in the course of an acute HCV infection or in the early stages of chronicity. Earlier treatment may however improve the likelihood of immune preservation and also patient engagement, which is an important consideration given that recent data suggests approximately 40% of PLWH demonstrate evidence of significant liver fibrosis (METAVIR stage F2 or higher) at just 3 years after their first diagnosis of an acute HCV infection. 58 Unlike with HIV-1 infection where there is strong evidence indicating that there are particularly high rates of transmission during the acute/early phase of infection, 59, 60 there is a paucity of data to suggest that similar patterns of transmission occur with HCV infection. Recent mathematical modelling data based on the HCV epidemic amongst MSMs in the UK does however suggest that upscaling of DAA therapy for example by treating 60%, 80% or 100% of recently diagnosed (<1 year) HCV infections in HIV-infected MSMs in the year of diagnosis (compared with a baseline rate of 46%) could result in 15%, 25% or 36% relative declines in HCV incidence in 2025, respectively. 61 Recent data from Holland has already demonstrated a 52% reduction in the incidence of acute HCV infection amongst HIV-infected MSMs 1 year after access to DAA therapy became unrestricted for treating acute and chronic HCV infections. 62 Theoretically at least, it is possible that earlier initiation of DAA therapy could therefore serve as a preventative measure thereby potentially reducing rates of HCV transmission.
Duration of direct-acting antiviral therapy
Lengthy courses of IFN and ribavirin therapy typically lasting 24 to 48 weeks (and even longer in certain instances) for both acute and chronic HCV infection were able to be shortened with the introduction of 'first-generation' DAAs. 24, 29, 63, 64 Fierer et al reported that the addition of telaprevir to pegIFN and ribavirin for the treatment of acute HCV infection in PLWH halved the overall treatment duration, with all patients in the telaprevir group (SVR12 84%) receiving 12 weeks (or less) of therapy compared to 24 weeks of treatment in the pegIFN and ribavirin-only group (SVR12 63%). 64 Two studies have investigated the treatment of acute HCV infection in PLWH with 12 weeks of IFN-sparing DAA therapy using sofosbuvir and ribavirin. 38, 40 In a study by El Sayed et al in which 12 patients with genotype 1 acute HCV coinfection (11 patients with genotype 1a and 1 patient with genotype 1b) received 12 weeks of therapy with sofosbuvir and ribavirin, ninety-two percent (11/12) achieved an SVR12. 40 This is similar to the SVR12 rate of 90% seen in a study of chronic genotype 1 HCV monoinfected patients that received 16 to 24 weeks of sofosbuvir and ribavirin. 65 In the SWIFT-C study however, a high relapse rate of 41% (59% achieved SVR12) was seen in the seventeen PLWH with acute HCV infection (11 genotype 1a, 2 genotype 1b, 2 genotype 1 with unknown subtype, 1 genotype 2 and 1 genotype unspecified) treated with 12 weeks of sofosbuvir and ribavirin. 38 When comparing the two studies, patients in the study by El Sayed et al had a lower baseline median baseline HCV viral load compared to the SWIFT-C study (4.5 vs 6.4 log10 IU/mL) and higher median baseline CD4 counts (545 vs 498 cells/µL). 4038 Spontaneous HCV clearance in PLWH has been shown to be significantly associated with higher CD4 counts (particularly >500 cells/µL) and lower baseline HCV RNA levels 66 therefore it is a possibility that patients in the study by El Sayed et al were more likely to achieve spontaneous HCV clearance regardless of the receiving antiviral treatment.
A high relapse rate was observed by Martinello and colleagues with a shortened treatment duration of 6 weeks sofosbuvir and ribavirin for acute HCV infection in PLWH. 39 Only 3/14 (21%) achieved the primary outcome of SVR12 in their study. Six weeks of therapy with ledipasvir/sofosbuvir in another recent study for genotypes 1a & 4 acute HCV infection in PLWH achieved an SVR 12 of 77%. 41 Although these findings are encouraging, ledipasvir/sofosbuvir for 6 weeks in the treatment of genotype 1 acute HCV monoinfection achieved an even higher SVR12 of 100% in the HepNet study. 67 Additionally, in the SLAM C pilot study, just 4 weeks of ledipasvir/sofosbuvir in 14 patients with acute HCV mono-infection achieved an SVR12 rate of 100%. 68 Six weeks of sofosbuvir with ribavirin, however, only achieved an SVR rate of 60% in HCV monoinfected patients. 39 Therefore the type of regimen (and other baseline characteristics including pre-treatment HCV RNA levels and possibly the presence of resistance-associated variants) may be more important for treatment response rather than HIV status. Three of the studies included in table 1 used a drug regimen (sofosbuvir with ribavirin) which is no longer recommended as treatment for HCV infection. 21, [38] [39] [40] The majority (>65%) of patients in the studies of DAAs for acute HCV coinfection had genotype 1 infections; [38] [39] [40] [41] a genotype which has demonstrated unfavourable responses to therapy with sofosbuvir and ribavirin compared to the SVR rates achieved with currently recommended newer regimens. 21
From the data currently available, SVR rates with shortened 6-week DAA regimens in PLWH treated for acute HCV infection are far from the SVR rates that have been achieved with longer courses of DAA therapy (>90%) 69 in PLWH treated for chronic HCV infection. The incomplete HCV-driven dampening of host immune responses in the early phase of HCV infection provides a possible explanation as to why shorter courses of (antiviral response-enhancing) IFN-based therapy may be permitted in acute HCV infection compared to in chronic HCV infection. However, it is not yet clear whether a similar rationale for shortened therapy applies to IFN-free DAA regimens in view of differing mechanisms and potential drivers for viral clearance. Further studies are needed to determine the feasibility of shortened courses of DAA therapy for acute HCV infection and should also aim to identify factors that may influence the duration and/or type of therapy required by specific individuals.
Treatment responses, baseline and on-treatment predictors of achieving a sustained virologic response
Although a single nucleotide polymorphism upstream of the IL28B gene has shown association with spontaneous clearance of acute HCV, 70 a challenge faced by studies investigating and clinicians deciding on the treatment of acute HCV in PLWH is the identification and exclusion of individuals from receiving treatment that are likely to achieve spontaneous clearance. One approach adopted by investigators has been to exclude patients that have ≥1 log10 IU/mL fluctuations in HCV viral loads and/or a level <4 log10 IU/mL prior to initiating therapy. 4039 Ragonnet et. al prospectively studied HCV/HIV coinfected individuals and found that spontaneous HCV clearance frequently occurred late at a median time of 184 days after infection. 71 Therefore, it remains uncertain what proportions of patients, if any, that achieved an SVR in the studies of acute HCV coinfection discussed may have spontaneously cleared their infections and whether a watch and wait policy should be adopted given that there is no current data to suggest that earlier treatment improves likelihood of achieving SVR12. Adopting a delayed approach does however risk patients not returning for treatment at a later stage with subsequent potential development of liver fibrosis and also onward HCV transmission.
In the SWIFT-C study, all 17 patients achieved undetectable HCV RNA whilst on-treatment and in the 7 (41%) that eventually relapsed, HCV RNA was only detectable after completion of therapy and occurred by week 4 post-treatment in all 7 cases. 38 When comparing those who achieved SVR12 to those that relapsed, there were no differences in baseline HCV RNA levels or differences in changes of HCV RNA levels between the time of diagnosis and the time of study entry. Additionally, the time to achieving undetectable HCV RNA was not predictive of SVR12. In the study by El Sayed et al where PLWH also received 12 weeks of sofosbuvir and ribavirin for acute HCV coinfection, all 12 patients had undetectable HCV RNA at the end of treatment and at 4 weeks post-completion of therapy. 40 Eleven patients (92%) achieved SVR12 and the 1 patient who did not achieve Another study by Martinello and colleagues, in which PLWH received 6 weeks of sofosbuvir and ribavirin for HCV coinfection, reported that virological failure was associated with a baseline HCV RNA >6 log10 IU/mL (p = 0.009). 39 Their study found that undetectable HCV RNA at week 1 was associated with achieving SVR12 whereas no association was found between achieving SVR12 and HCV RNA levels at 2 or 4 weeks into treatment. Eighty six percent (12/14) had undetectable HCV RNA at the end of treatment but only 36% (5/14) and 21% (3/14) achieved SVR4 and SVR12 respectively. This study was the only one of the identified published trials of IFN-sparing DAA therapy for acute HCV infection in PLWH that included patients with genotype 3 HCV infection. Sofosbuvir with ribavirin has been shown to be suboptimal in comparison to sofosbuvir/velpatasvir and sofosbuvir/daclatasvir regimens for the treatment of genotype 3 chronic HCV infection. 21, 727374 In a study of 382 patients treated with varying DAA regimens for chronic HCV infection, 62 of whom where HIV infected, genotype 3 HCV was a negative predictor of SVR in both univariate (odds ratio 5.49, 95% confidence interval 1.9-15.7, p = 0.002) and multivariate analysis (odds ratio 21.6, 95% confidence interval 3.81-123, p = 0.001). 48 An SVR12 rate of 77% (20/26) was observed in the study by Rockstroh et al. in which PLWH received 6 weeks of ledipasvir/sofosbuvir for acute HCV infection. 41 Of the 6 patients that did not achieve SVR12; three relapsed after completing treatment with detectable HCV RNA by week 4; one was re-infected with a different genotype of HCV; two were lost to follow up after completing treatment (both had undetectable HCV RNA at the end of treatment). Rockstroh and colleagues also found that baseline HCV RNA levels were associated with SVR12. Eighty-six percent (12/14) with a baseline HCV RNA < 5.9 log10 IU/mL achieved SVR12 compared to 67% (8/12) of those with a baseline HCV RNA of ≥5.9 log10 IU/mL. The 3 patients in their study that relapsed had baseline HCV RNA levels >6.96 log10 IU/mL.
These findings indicate that null response to interferon-sparing DAA regimens is uncommon however relapses tend to occur at week 4 or 8 post-treatment in those not achieving SVR12. Moreover, individuals with baseline HCV RNA levels >6 log10 IU/mL may respond less well to shorter duration therapy and therefore need to be considered for longer courses of treatment (up to 12 weeks). HCV RNA levels whilst on treatment do not appear to accurately predict outcome although rapid treatment responses with undetectable HCV RNA levels within the first week of treatment may be a positive indicator for achieving SVR12.
Undetectable HCV RNA at the end of treatment was not found to be predictive of SVR12. Table 4 describes the SVR rates achieved in identified clinical trials of the treatment of acute HCV infection in patients coinfected with HIV and in HCV monoinfected patients (including combined SVR rated from various studies).
Adverse effects of direct-acting therapy

A C C E P T E D M A N U S C R I P T
DAAs, although known to have their own unique adverse effects, are generally well and far better tolerated than earlier IFNbased therapy, even in those with cirrhosis and other patient groups such as transplant recipients. 7576 In PWLH, careful selection of DAA regimens (and modification of ART regimens where necessary) to avoid drug-drug interactions is important but it is also crucial that DAA therapy exerts no direct adverse effects on HIV disease. In a recent study of IFN-sparing DAA therapy for the treatment of chronic HCV infection there were no observed differences with regards to adverse effects or treatment discontinuations between HCV monoinfected and HCV/HIV coinfected patients. 48 DAA therapy was found to be safe (4.5% serious adverse events; 2.61% treatment discontinuations) and effective (SVR12 95.5%) overall in both study groups, even with 67% (256/382) of their study patients being cirrhotic.
Rockstroh and colleagues found that with 6 weeks of ledipasvir/sofosbuvir for acute HCV infection in PLWH, 22/26 (85%) experienced at least one adverse event with fatigue, nasopharygitis and headache being most commonly reported symptoms. 41 No patients had their treatment temporarily or permanently discontinued due to adverse events. No patients experienced HIV rebound.
In the study by El Sayed et al with 12 weeks of sofosbuvir and ribavirin for acute HCV infection, fatigue and irritability were frequently experienced symptoms, 40 which has previously been described in PLWH receiving sofosbuvir and ribavirin for chronic HCV coinfection 77 . No patients developed significant anaemia (Hb < 10g/dL) and no-one required dose reductions of ribavirin or discontinuation of treatment. No HIV-related events occurred. Martinello and colleagues also reported that with 6 weeks of sofosbuvir and ribavirin, no treatment discontinuations due to adverse events occurred and no dose reductions of ribavirin were required. 39 They reported no loss of HIV virological control and no decline in the median CD4 count at the end of treatment. In the SWIFT-C study for the treatment of acute HCV infection, no serious adverse events were reported in any of the HIV-1 infected patients that received sofosbuvir and ribavirin and there were no treatment discontinuations due to adverse events. 38 Absolute CD4 count decreased by a mean of 50 cells/µL from baseline by week 12 of treatment but by 24 weeks post-treatment mean CD4 counts were 62 cells/ µL above baseline. All 17 patients maintained an HIV-1 RNA load <50 copies/ml whilst receiving DAA therapy.
Based on the currently available data, sofosbuvir-containing DAA regimens are relatively well tolerated in PLWH. Mild to moderate adverse effects are not infrequent but do not appear to impact upon adherence or completion of therapy. Serious adverse events were rare in the studies conducted and in most, if not all cases, these were deemed unlikely to have been related to the study drug administration. Importantly, there is no evidence to suggest that treatment with DAAs has any sustained effects on CD4 counts or HIV dynamics within the host.
For the 7 patients that relapsed in the SWIFT-C study, the NS5B region of the HCV genomes were amplified and sequenced on pre-and post-treatment samples. None of the relapsers were found to possess the S282T mutation at any time point, which is the primary mutation associated with resistance to HCV NS5B polymerase inhibitors such as sofosbuvir. 78 In contrast, deep sequencing of post-treatment HCV genomes from PLWH unsuccessfully treated for acute HCV infection with the 'firstgeneration' NS3 protease inhibitor boceprevir in combination with IFN and ribavirin found that NS3 mutations (T54A and R155K) emerged. 79 The NS3/4A protease inhibitors boceprevir and telaprevir, however, are known to have a low genetic barrier to resistance and have been shown to select for HCV resistance-associated variants. 80 In the study by Rockstroh et al in which patients received 6 weeks of sofosbuvir in combination with the NS5A inhibitor ledipasvir for acute HCV (genotype 1 or 4) infection, two of the 3 patients who experienced virological relapse were found to possess HCV NS5A resistance-associated mutations at baseline that persisted and therefore were also detected at relapse. 41 A study of ledipasvir/sofosbuvir for patients with genotype 1 chronic HCV infection demonstrated that a significant reduction in SVR rate was seen amongst treatment-naïve patients with baseline NS5A resistance-associated variants that received 8 weeks of therapy, and that the effects of these mutations could be overcome by extending the duration of therapy to 12 or 24 weeks or with the addition of ribavirin. 81 Additionally, Wyles et al found that the majority of HCV NS5A resistance-associated variants persisted for long periods of time (>96 weeks) in subjects that had failed treatment with regimens containing an NS5A inhibitor without sofosbuvir, suggesting that even in the absence of drug selection pressure these variants can maintain high levels of fitness. 82 The presence of baseline resistance-associated variants could therefore impact upon outcome following treatment for acute HCV infection depending on both the type and the duration of the regimen selected, and may also affect responses to subsequent retreatment in cases of virological relapse. Further work is also needed to elucidate whether short courses of interferon-sparing 'second-generation' DAA therapy in PLWH can exert significant mutational effects on HCV in those that fail treatment and the longer term clinical impact of such mutations if they do arise.
Other considerations with direct-acting antiviral therapy: coinfection with hepatitis B
Despite the availability of the hepatitis B virus (HBV) vaccination, approximately 10% of the of PLWH also have a chronic HBV coinfection 83 with risk factors for HCV acquisition being shared with those for HBV. In a study of DAAs in the treatment of chronic HCV infection, virological reactivation of HBV (re-appearance of detectable HBV DNA in blood at low levels) was observed in 57.1% of HIV-uninfected patients who had a concurrent chronic HBV infection. 84 Clinical reactivation of HBV in their study responded to the administration of entecavir. There were no instances of HBV reactivation in their HBsAg HCV infection with DAAs found that HBV reactivation occurred in none of the 263 patients. 85 The investigators did however find in their small number of HBsAg positive patients that 56% (5/9) experienced HBV reactivation during or after DAA therapy.
HBV reactivation in HBV/HCV coinfected patients following HCV treatment initiation has not been limited only to recent DAA therapy, however, a recent meta-analysis found that HBV reactivation occurred earlier and was of greater severity in patients treated with DAAs compared to those that received IFN-based therapy for chronic HCV infection. 86 Some, but not all, studies suggest that the HCV core and NS5A proteins inhibit HBV replication [87] [88] [89] and thus whether the rapid suppression of HCV that occurs with DAAs 90 then permits heightened replication of HBV in HBV/HCV coinfected patients requires further investigation.
We also require a more in-depth understanding of the immunological mechanisms underlying the occurrence of HBV reactivation during and after successful DAA therapy for HCV infection as this may help to determine which groups of patients are at particular risk of HBV reactivation and that therefore require closer and/or longer periods of monitoring.
HBV reactivation with DAA therapy may be less of a concern in PLWH receiving tenofovir-containing ART, and the EASL hepatitis B guidelines 91 recommend that HBV/HIV coinfected individuals are treated with tenofovir as part of their ART regimen unless there are contraindications.
Conclusions
Increasing rates of recreational drug use amongst MSM, more widespread and more frequent testing for HCV in PLWH along with widening access to DAAs will identify more patients who could potentially be treated with DAAs in the acute phase of their HCV infection. This will also provide further information regarding the effectiveness, tolerability and long-term outcomes of using DAAs in this setting. Furthermore, with newer, shorter duration IFN-sparing DAA regimens there is a higher degree of willingness amongst HCV/HIV coinfected people who use drugs to receive treatment for their HCV infection (>70% willingness in a recent population survey). 92 The data currently available demonstrates that these drugs can be effective in treatment of acute HCV infection but the optimal duration of therapy is yet to be determined and may need to be individualised based on factors such as baseline HCV RNA level. It is important to check for specific DAA-ART interactions prior to starting therapy. DAA regimens are generally well tolerated with no significant HIV-related complications observed.
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